Ginseng is an important herbal drug that has been used worldwide for many years. Ginsenoside Rb1 (G-Rb1), the major pharmacological extract from ginseng, possesses a variety of biological activities in the cardiovascular systems. Here, we conducted a preclinical systematic review to investigate the efficacy of G-Rb1 for animal models of myocardial ischemia/ reperfusion injury and its possible mechanisms. Ten studies involving 211 animals were identified by searching 6 databases from inception to May 2017. The methodological quality was assessed by using the CAMARADES 10-item checklist. All the data were analyzed using RevMan 5.3 software. As a result, the score of study quality ranged from 3 to 7 points. Meta-analyses showed that G-Rb1 can significantly decrease the myocardial infarct size and cardiac enzymes (including lactate dehydrogenase, creatine kinase, and creatine kinase-MB) when compared with control group (P < 0 01). Significant decrease in cardiac troponin T and improvement in the degree of ST-segment depression were reported in one study (P < 0 05). Additionally, the possible mechanisms of G-Rb1 for myocardial infarction are antioxidant, anti-inflammatory, antiapoptosis, promoting angiogenesis and improving the circulation. Thus, G-Rb1 is a potential cardioprotective candidate for further clinical trials of myocardial infarction.
Introduction
Myocardial infarction (MI) is the most severe manifestation of coronary artery disease (CAD), which can pathologically cause cardiomyocyte death due to prolonged ischemia. CAD accounts for over seven million deaths globally per year [1] . The economic impact of MI is substantial. The direct cost of hospitalization in the United States is at least $450 billion and the loss of productive life years is also tremendous [2] . Prompt restoration of blood flow is crucial to salvage ischemic myocardium [3] . Reperfusion strategies such as primary percutaneous coronary intervention (PCI) and thrombolysis have shown to reduce mortality and infarct size and improve left ventricular function; however, reperfusion itself may result in adverse events [4] . Abrupt restoration therapy of coronary flow can lead to reversible impairment of myocardial contractility (myocardial stunning), ventricular arrhythmias, and microvascular dysfunction. The pattern of injury that is inflicted on the myocardium has been termed as myocardial ischemia/reperfusion (I/R) injury [5] , and the accumulating deleterious effects lead to myocyte necrosis and impaired cardiomyocyte healing, eventually contributing to heart failure associated with other poor outcomes [6] . Consequently, it remains a priority to seek new cardioprotective strategies to improve myocardial salvage and cardiac function.
Ginseng as an important herbal drug has been worldwide used in oriental countries for thousands of years and is also one of the most extensively botanical products used in other areas in the world [7] . Ginsenosides, the triterpene saponins, is one of the major components of ginseng [8] . To date, more than 30 kinds of ginsenosides have been identified [9] . Ginsenoside Rb1 (G-Rb1) (the major pharmacological extract and chemical structure is shown in Figure 1 ) possesses a variety of biological activities in the cardiovascular systems probably through antioxidant, anti-inflammatory, and antiapoptosis [10] , promoting angiogenesis [11] and an antiarrhythmic effect [12] , suppressing ventricular remodeling after acute MI [13] , and inhibiting hypertrophy and ventricular hypertrophy [14] . However, the efficacy and mechanisms of GRb1 for experimental MI have not been systematically evaluated yet. In addition, systematic review of animal data can provide preclinical evidence for the potential translational value from animal models to human disease [15] .
Thus, the present study aims to evaluate the efficacy and mechanisms of ginsenosides Rb1 through experimental animal models with myocardial I/R injury. 2.3. Data Extraction. Two independent authors extracted the following details from the included studies: (1) the name of the first author and publication year; (2) the specific information of animals for each study, including animal species, number, sex, and weight; (3) model of myocardial I/R and the anesthesia methods for model preparation; (4) the information of treatment group, including therapeutic drug dosage, method of administration, duration of treatment, and the same information of control group; and (5) mean value and standard deviation of outcomes. The data of the highest dose was selected when the treatment group included various doses of the target drug. The result of the peak time point was included when the data were expressed at different times. Because some records' published data were only in graphical format, we made efforts to contact authors for further information. When response was not received, the numerical values were measured from the graphs by digital ruler software.
Methods

Risk of Bias in Individual Studies.
We assessed the risk of bias by applying the ten-item scale [16] with minor modifications [17] as follows: (A) peer-reviewed publication; (B) control of temperature; (C) random allocation to treatment or control; (D) blinded induction of model; (E) blinded assessment of outcome; (F) use of anesthetic without significant intrinsic cardioprotective activity; (G) appropriate animal model (aged, diabetic, or hypertensive); (H) sample size calculation; (I) compliance with animal welfare regulations; and (J) statement of potential conflict of interests. Every item was given one point. Two authors independently evaluated the study quality, and divergences were well settled through consulting with correspondence authors.
2.5. Statistical Analysis. Heterogeneity across the subgroups was assessed using the Cochrane Q-statistic test (P < 0 05 was considered statistically significant) and the I 2 -statistic test. A fixed effects model (I 2 < 50%) or a random effects model (I 2 > 50%) was used depending on the value of I 2 . Funnel plots were used to visually estimate publication bias. We calculated the standard mean difference (SMD) with 95% confidence intervals (CIs). Sensitivity analyses omitting one study at a time from the original analysis were conducted to demonstrate our main results to be robust. The pooled analyses were carried out with RevMan 5.3 software. Ethical approval was not required for this type of literature research.
Results
Study Selection.
A total of 2002 articles were retrieved through the pertinent literature retrieval from the database, of which 1752 were reduplicated and irrelevant articles. After screening titles and abstracts, 46 were excluded because they were (1) clinical trials; (2) case reports; or (3) review articles. We then studied the remaining 204 full-text articles. Among them, 186 articles were excluded because of at least one of the following reasons: (1) not a full text; (2) not G-Rb1; (3) no available data; (4) compared with traditional Chinese medicine; (5) no myocardial I/R model; or (6) no control group. Finally, 10 studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] were selected (Figure 2 ).
Characteristics of Included Studies.
Eight studies [18] [19] [20] [21] [22] [23] [24] [25] were published in Chinese, and 2 studies [26, 27] were published in English between 2003 and 2016. The 10 included studies involved adult Sprague-Dawley rats [18-24, 26, 27] , and Wistar rats [25] . The weight of adult rats varied between 180 g and 320 g. Seven studies [18-20, 22, 24, 26, 27] used male animals and only three studies [21, 23, 25] used both female and male rats. To induce anesthesia, 2 studies [21, 24] used chloral hydrate; 3 studies [18, 23, 26] used pentobarbital sodium; 2 studies [22, 27] used barbital sodium; 2 studies [20, 25] used ethyl ether; and 1 study [19] used urethane. Nine myocardial I/R models were produced by ligation of the LAD; and the remaining one [21] was produced by intravenous isoprenaline ( ; and the remaining 1 study [20] used 100 mg·kg . Eight studies [18-20, 22-24, 26, 27] utilized MI size as outcome measure, and myocardial cell apoptosis rate in 2 studies [22, 27] . The level of ST-segment depression was reported in 1 study [21] , but LVEF was not mentioned. Lactate dehydrogenase (LDH) was reported in 4 studies [18, 21, 26, 27] , creatine kinase (CK) in 3 studies [18, 21, 26] , creatine kinase-MB (CK-MB) in 2 studies [26, 27] , cTnT in 1 study [26] , superoxide dismutase (SOD) in 4 studies [18, 20, 21, 24] , malondialdehyde (MDA) in 4 studies [18, 20, 21, 24] , phosphothreonine kinase (p-Akt) in 3 studies [22, 26, 27] , caspase-3 in 2 studies [19, 27] , vascular endothelium growth factor (VEGF) in 1 study [23] , NO in 2 studies [20, 21] , glutathione (GSH) in 1 study [21] , and tumor necrosis factor-α (TNF-α) in 1 study [19] . The overall characteristics of included publications are shown in Table 1 .
3.3. Study Quality. The score of study quality ranged from three to seven in a total of ten points. Of which, 6 studies [19-21, 23-25] got three points; 2 studies [18, 22] got four points; 1 study [26] got six points; and 1 study [27] got seven points. All the included records were peer-reviewed publications, and all animals were allocated randomly to treatment group and control group; however, no study reported a sample size calculation, blinded induction of model, and blinding their assessment of outcome. Three included studies [18, 22, 27] were performed on diabetic rats and others on healthy rats. Control of temperature was described in 2 studies [26, 27] . All studies used an anesthetic without intrinsic cardioprotective properties; 2 studies [26, 27] reported compliance with animal welfare regulations, and 2 studies [26, 27] declared no potential conflict of interests. The methodological quality is concluded in Table 2 .
3.4. Effectiveness 3.4.1. MI Size. Meta-analysis of 8 studies [18-20, 22-24, 26, 27] showed significant effect of G-Rb1 for decreasing the MI size compared with control group (n = 85, MD −12.45, 95% CI: −15.87 to −9.02, P < 0 00001; heterogeneity: χ 2 = 53 71, df = 7 (P < 0 00001), I 2 = 87%). Owing to obvious heterogeneity, we used sensitivity analyses and removed the respective outlier study. After removing two studies [19, 24] that do not utilize infarct area/area at risk (IA/AR) to calculate MI size and 1 study [26] that MI experimental model was induced by blocking LAD for 45 minutes compared to 30 minutes in other studies, meta-analysis of 5 studies [18, 20, 22, 23, 27] showed significant effect of G-Rb1 for decreasing the MI size compared with control group (n = 56, MD −13.38, 95% CI: −14.84 to −11.92, P < 0 00001; heterogeneity: χ 2 = 4 14, df = 4 (P = 0 39), I 2 = 3%) (Figure 3 ).
Cardiac Enzymes and/or cTnT.
Meta-analysis of 4 studies [18, 21, 26, 27] showed significant effect of G-Rb1 for decreasing the LDH compared with control group (n = 36, SMD −4.37, 95% CI: −5.31 to −3.43, P < 0 00001; heterogeneity: χ 2 = 1 45, df = 3 (P = 0 69), I 2 = 0%) (Figure 4 ). Metaanalysis of 3 studies [18, 21, 26] showed a significant effect of G-Rb1 for decreasing CK compared with control group (n = 29, MD −3.62, 95% CI: −5.35 to −1.90, P < 0 00001; heterogeneity: χ 2 = 7 05, df=2 (P < 0 00001), I 2 = 72%). After sensitivity analyses, we removed 1 study [21] that utilized both male and female rats. Meta-analysis of 2 studies [18, 26] showed that G-Rb1 had significant effects for reducing CK compared with control group (n = 20, SMD −4.43, 95% CI: −5.68 to −3.17, P < 0 00001; heterogeneity: χ 2 = 0 79, df = 1 (P = 0 38), I 2 = 0%) ( Figure 5 ). G-Rb1 in two studies [26, 27] showed the significant effects for reducing CK-MB compared with control (P < 0 05 or P < 0 01) according to CK-MB as outcome measures; however, they failed to pool analysis because 1 study [27] was set up in diabetic rat model and myocardial I/R model was induced by blocking LAD for 45 minutes compared to 30 minutes in another study [26] . Only 1 study [26] showed that G-Rb1 had significant effects to reduce cTnT compared with control group (P < 0 05).
The Level of ST-Segment Depression and LVEF.
One study [21] reported that G-Rb1 can improve the STsegment depression compared with control (P < 0 05) according to the change of ST segment in electrocardiogram as an outcome measure. There was no study involving LVEF as outcome measure.
3.5. Subgroup Analysis. Five studies [18, 19, 22, 26, 27] reported that G-Rb1 was given before establishing model, and five other studies [20, 21, [23] [24] [25] reported it was given after establishing model. We conducted subgroup analysis, and the result of the meta-analysis ( Figure 6 ) showed that there was no difference in MI size effect size and LDH effect size between preventive and therapeutic effects of G-Rb1. In consideration of different administration time, which may lead to an inaccurate assessment of the effects of the intervention [28] , thus we suggest that both preventive and therapeutic effects of G-Rb1 for myocardial I/R injury should be performed further in the animal models. Three studies [18, 22, 27] reported the effects of G-Rb1 in MI as a result of diabetes. We conducted a subgroup analysis, and the result of meta-analysis ( Figure 7) showed that there was no difference in MI size effect size and LDH effect size between diabetic rats and nondiabetic rats.
3.6. Cardioprotective Mechanisms. Compared with controls, meta-analysis of 2 studies [22, 27] showed that G-Rb1 significantly decreased myocardial cell apoptosis rate (n = 16, MD −4.72, 95% CI: −7.57 to −1.86, P < 0 00001; heterogeneity: χ 2 = 0 02, df = 1 (P = 0 88), I 2 = 0%) ( Figure 8 ); 2 studies [19, 27] for reducing caspase-3 (n = 18, SMD −1.02, 95% 
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Test for overall e ect: Z = 7.20 (P < 0.00001) Figure 10: The forest plot: effects of ginsenoside Rb1 for increasing superoxide dismutase compared with control group. 0 00001; heterogeneity: χ 2 = 0 56, df = 3 (P = 0 76), I 2 = 0%) ( Figure 11 ); 2 studies [20, 21] for increasing NO (n = 19, SMD 17.08, 95% CI: 1.71 to 32.46, P < 0 00001; heterogeneity: χ 2 = 1 70, df=1 (P = 0 19), I 2 = 41%) ( Figure 12 ); 2 studies [26, 27] for increasing p-Akt (n = 15, SMD 6.88, 95% CI: 4.73 to 9.04, P < 0 00001; heterogeneity: χ 2 = 0 06, df=1 (P = 0 81), I 2 = 0%) ( Figure 13 ); 1 study [19] for reducing TNF-α (P < 0 05); 1 study [21] for increasing GSH (P < 0 05); and 1 study [23] for increasing VEGF (P < 0 05). We summarized a schematic representation of cardioprotective mechanism of G-Rb1 for myocardial I/R injury (Figure 14 ).
Discussion
4.1. Summary of Evidence. This is the first preclinical systematic review to estimate the efficacy of G-Rb1 for myocardial I/ R injury. Ten studies with 221 animals were selected. The quality of studies included were generally moderate. The evidence available from present study showed that G-Rb1 exerted potential cardioprotective function in acute MI largely through antioxidant, anti-inflammatory, anti-apoptosis, promoting angiogenesis, and improvement of the circulation. Despite the apparent positive results, we should interpret them with caution because of the methodological flaws.
4.2.
Limitations. First, we only searched in English and Chinese studies, which may lead to a certain degree of selective bias. Second, negative findings were less likely to be published. Thus, the dominance of positive studies might lead to the efficacy being overestimated. Third, study quality was considered as moderate, which ranged from 3 to 7 points, indicating that the results should be explained with caution. In addition, MI generally occurs in patients with medical problems, such as old age, diabetes, hypertension, and Figure 11 : The forest plot: effects of ginsenoside Rb1 for decreasing malondialdehyde compared with control group.
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Chen (2012) Leng (2015) Total (95% CI) hyperlipidemia [29] . However, only 3 studies [18, 22, 27] structured a myocardial I/R model in diabetic rats. Finally, another weakness is the heart protection of estrogen. Three included studies [21, 23, 25] adopted female animals. Although the mechanism is unclear, the heart protective effect of estrogen has been reported both in clinical and preclinical studies [30] .
Implications.
Ideal coronary artery thrombosis model should include the following points: (1) provide stable thrombus; (2) combined with intimal injury; (3) low mortality; (4) suitable for thrombolytic therapy; (5) and simple to operate [31] . Up to now, there has been several frequently used methods to establish animal models of MI: (1) coronary artery stenosis or occlusion is directly caused by ligation of coronary artery. After coronary artery ligation, the ECG and pathological findings were corresponding, most of which were extensive anterior wall MI and showed good reproducibility and stability [32] . Currently, it is the most recognized and commonly used model of MI; however, establishment of this animal model needs high proficiency; (2) coronary artery stenosis or occlusion is caused by intravenous injection of vasoconstrictor drugs [33] . The establishing procedure of this method is simple, mainly diffuse myocardial injury in the whole heart, rather than the local myocardial injury. Obviously different from physiological process of MI, resulting in that it is difficult to position, and quantitative observation for later evaluation of MI area [34] ; (3) stimulate coronary artery adventitia to induce thrombus by controlled micro current stimulator [35] . This model is seminal for structural models, causing a better understanding of vascular biomechanics. However, the occlusion is permanent; (4) coronary artery stenosis and infarction are caused by coronary artery atherosclerosis. It is most consistent with human physiology. The weaknesses are long test cycle and high mortality, and thus this method has been used rarely [36] . In this review, nine studies [18-20, 22-27] reported coronary artery stenosis or occlusion by ligation of coronary artery except for one study [21] by intravenous injection of isoprenaline, indicating that the uniform animal model was rational for improving the reliability of the experimental results. The choice of animal depends on the purpose of the experiment. Factors that need to be considered include technical requirements, availability of the animal, cost, and ethical considerations [37] . The commonly used animal models in MI experiments are listed as follows: rat, mouse, rabbit, pig, dog, cat, monkey, and so forth. Rodents like rat and mouse have the advantages of being cheap and easy to anaesthetize and work with a variety of strains with specific atherosclerotic risk factors such as hypertension, and ECG, serum enzymes, and other indicators can be measured [32] . However, when it comes to performing surgery, their small size presents quite a technical challenge. The main area in which this animal model has been used is in the development of cardiac tissue and in understanding basic molecular mechanisms that control normal heart development and subsequent congenital cardiovascular malformations [38] . Rabbits have the convenience of reasonable anatomical size and lower cost in terms of purchase and maintenance. However, they are also not as easy to operate compared to the large animals because of the smaller size of the vasculature [37] . The dog and cat continue to be a mainstay of cardiovascular research. The reasons include a convenient size of between 10 and 30 kg, a ready supply, and the fact they are easy to work with. Again, their lack of rapid growth means they are useful for long-term in vivo studies. However, obtaining licenses for the use of dogs and cats has become difficult [37] . Pigs are popular for experimental study, as they have similar anatomy and physiology to that of humans [39] . They can develop spontaneous atherosclerosis [40] . Nevertheless, they are capable of rapid growth. A typical example is that of a 25 kg pig which after 8 weeks will grow to around 100 kg [37] . From both an anatomical and physiological standpoint, primates like monkey resemble humans more closely than any other type of animals. Due to the lack of dramatic growth, they are ideal for very long-term studies, usually over several years. However, ethical considerations restrict their use in experimentation [41] . Furthermore, they are expensive to purchase and to maintain when compared with other animals species [37] . In this study, all studies utilized rat to establish animal model. It was considered as a good choice for small-and medium-sized research institute to test investigate the efficacy of G-Rb1 for animal models of myocardial I/R injury and its possible mechanisms. Thus, we suggest further that the animal models for MI should be chosen according to the experimental purpose and conditions. Various pharmacological agents have been shown to reduce myocardial I/R injury in animal models [42] ; however, lack of cardioprotectant has been routinely used for clinical myocardial I/R injury so far. Thus, translation of a cardioprotectant for myocardial I/R injury from the bench to the bed is urgently needed [42] [43] [44] . In the present study, the findings showed that G-Rb1 significantly decreased the MI size and cardiac enzymes, decreased cardiac cTnT, and increased the decline degree in ST-segment. Therefore, the present study provides a preclinical evidence-based approach to develop G-Rb1 for acute MI. Cardioprotection by antiinflammation, antioxidant, antiapoptosis, and improving the circulation for myocardial I/R injury [45] was an innovative strategy for antagonizing the injurious biochemical and molecular events that eventually resulted in irreversible ischemic injury [46] . In the present review, the possible mechanisms of G-Rb1 for myocardial I/R injury are summarized as follows: (1) inhibition of apoptosis through downregulating the expression of caspase-3 [19, 27] via inhibiting p38MAPK signaling pathway [47] ; (2) antioxidant through increasing GSH [21] and enhancing SOD-induced antioxidant via attenuating chondriokinesis to reduce the release of MDA [18, 20, 21, 24] ; (3) anti-inflammatory through inhibiting the expression of TNF-α [19] by inhibiting the activation of PI3K/Akt signaling, inhibiting p38MAPK and crosstalk between the two signaling pathways [35] ; (4) promotion of angiogenesis through enhancing VEGF [23] ; and (5) improvement of the circulation by increasing the expression of NO via the activation of PI3K/ Akt signaling [20, 21] . Thus, we summarized a schematic representation of cardioprotective mechanism of G-Rb1 for myocardial I/R injury through anti-inflammation, antioxidant, antiapoptosis, promoting angiogenesis, and improving the circulation.
However, there are increasing concerns that poor experimental design, and transparent reporting contribute to the frequent failure of translating preclinical discoveries into novel treatments for human disease [48] . In the present study, the quality of including studies was considered as moderate, which ranged from three to seven in a total of ten points. The main drop points are that no study reported a sample size calculation, blinded induction of model, and blinding their assessment of outcome. And only three included studies were performed on diabetic rats, in which the conditions of clinical MI patients with morbidity may not accurately be replicated owning to MI generally occurring in elders with comorbidities such as diabetes, hyperglycemia, or hypertension [29] . Reporting guidelines set a checklist format of predetermined criteria for more complete and transparent reports of biomedical research, and thus increasing their value to inform policy, scientific practice, and clinical practice [49] . The animal research: "Reporting in vivo experiments (ARRIVE) guidelines" [50] provides guidance on complete and transparent reporting of in vivo animal research, which aims to improve the quality of research reports. Up to 2014, the ARRIVE guidelines have been endorsed by over 300 research journals around the world, including the Nature Publishing Group, BioMed Central, and PLOS [51] . Thus, we suggest that further design and reporting of the studies should refer to the ARRIVE guidelines, and sample size calculation, blinded induction of model, and blinding their assessment of outcome should be focused on [16] . Animal research should be designed with a clinical perspective in mind, including both genders, study a broad age-range, and document the effect of clinically prevalent comorbidity and comedication on effect size. Animal research should be registered prior to its execution in a generally accessible database similar to human (drug) research (http://www.clinicaltrials.com). This would help to provide a more informed view before proceeding to clinical trials and reduce publication bias [52] . It allows verification of predefined study hypothesis and end-points of the study [53] .
It is well known that animal experiments have contributed to our understanding of mechanisms of diseases, but the translation of preclinical experiment which results in a prediction of the effectiveness of treatment strategies in clinical trials is still challenging [48, 52] . High-quality RCTs are commonly regarded the gold standard in judging the treatment efficacy and safety of interventions [54] . Given the huge gap between the animal studies and the clinical trials, the rigorous RCTs of G-Rb1 are needed.
Conclusion
The findings of the present study demonstrated that G-Rb1 exerted cardioprotective function in acute MI largely through antioxidant, anti-inflammatory, and antiapoptosis, promoting angiogenesis and improving the circulation. Thus, GRb1 is a potential cardioprotective candidate for further clinical trials of MI.
